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Neurogenesis continues to take place in the hippocampus of mammals, throughout life. Neuronal 
population including neurons, astrocytes and oligodendrocytes are continuously maintained by this process. 
Newborn neuronal populations are derived from a pool of self-renewing neural stem cells found in the 
hippocampus or subventricular zone (SVZ). 
This entire process is often regulated by 
various factors ranging from molecular to 
the physical activity of the mammal. 
Among the physiological process, L-type 
Ca2+ channels (LTCC) activities have 
been known to evoke various downstream 
signaling cascades. The role of LTCCs in 
neurogenesis remains critical yet not 
exclusively documented. Here, we 
investigated the involvement of LTCCs in 
the nascent self-renewal state, and also at 
the differentiating stages of neural stem 
cells. 
A clonal line of neural stem/progenitor 
cells, PZ5, derived from the adult rat 
hippocampus was used as an experiment 
model. This cell line at its nascent stage, expresses the stem cell marker nestin and glial fibrilliary acidic  
protein (GFAP) simultaneously, suggesting its multi-potency.  
Using reverse transcriptase polymerase chain reaction (RT-PCR), we found that only two subsets of LTCCs, 
the Cav1.2 and Cav1.3 were present at this 
stage. The proliferation of undifferentiated 
neural stem cells were independent of the 
LTCC activation with either FPL 64176 
(FPL) or S(-)-BayK 8644 (BayK) or 
inhibition with nimodipine (Nimo). Upon 
differentiation with retinoic acid, PZ5 cells gave rise to neurons expressing βIII-tubulin and MAP2, astrocytes 
marked by GFAP and S100β,and oligodendrocytes marked by myelin basic protein (MBP) and 
galactocerebroside (GalC) (Figure 1). Higher percentage of neurons was noted significantly, when PZ5 cells 
were differentiated in the presence of FPL, the agonist of Cav1.2/1.3, while significant retardation of 
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Figure 1. Differentiated cells from PZ5 neural stem cell. (A) Neuron. 
Co-expressing βIII-tubulin and MAP2. (B) Astrocyte. Co-expressing 
S100βand GFAP. (C) Oligodendrocyte. Co-expressing Gal C and 
MBP. Scale bars, 20 µm 
neurogenesis was seen when LTCCs were inhibited with Nimo. The oligodendrocytes population was 
significantly reduced by FPL mediated differentiation, as compared to the control, while the astrocytes 
population remained the same in all group.  
At the fourth day of differentiation (D4), the fraction of cells expressing the pan-neuronal marker (HuC/D) 
was insignificantly different in neither activated nor inhibited mediated differentiation. This was followed by 
the fraction of apoptotic cells, expressing active caspase 3 or with fragmented nuclei, among the HuC/D. 
However, at the ninth day of differentiation (D9), the fraction of differentiated cells expressing active caspase 
3 or having fragmented nuclei, was decreased by LTCC activation, while increased by LTCC inhibition.  
During the differentiation stage, the fraction of matured neuronal marker (NeuN) was significantly 
increased in FPL mediated differentiation as compared to control or Nimo mediation. This suggests that the 
maturation was accelerated when LTCC was activated during the differentiation process.   
Collectively, the results indicated that LTCC activation facilitate the survival and maturation of immature 
neurons, whereas its inhibition facilitate the neuronal death at later stages of differentiation. We have identify 


































ーロンの産生される割合は、LTCC アゴニストの BayK や FPL により増加したのに対し、




った。また、12 日目において、成熟ニューロンのマーカーである NeuN の発現を比較した
ところ、LTCC アゴニストによる増加傾向とアンタゴニストによる減少傾向が認められ、
両者に有意差があった。以上の実験結果に基づいて、論文提出者は、LTCC による制御は、
分化後期に起こり、未熟なニューロンの細胞死／生存と生存したニューロンの成熟に関わ
っていると結論した。本研究により、PZ5 細胞を用いたシステムが、未分化な幹細胞から、
ニューロン、アストロサイト、オリゴデンドロサイトなどの細胞種が選択的に分化するメ
カニズムの研究にとり、有用なモデルシステムであることが示された。本研究は、また、
伝達物質受容体を介した膜電位の脱分極と分化制御に関わる細胞内シグナル伝達経路の活
性化の間のミッシングリンクを埋めるものとして、LTCC を同定した点において、重要性
がある。文章を論理的に構成し直し、非専門的な読者にもわかりやすい解説を加えること
により、博士論文としての価値が向上することが期待される。以上は、論文提出者が自立
して研究活動を行うに必要な高度の研究能力と学識を有することを示している。したがっ
て，Daniel Teh提出の論文は，博士（生命科学）の博士論文として合格と認める。 
